Background: The vascular endothelial growth factor-A (VEGFA) family of cytokines regulates proliferation, angiogenesis, and migration of endothelial cells, increases vascular permeability, and controls thrombogenicity. Recent studies have suggested that the VEGFA gene plays an important role in the pathogenesis of metabolic syndrome and its related disorders. Dietary diversity score (DDS) has also been shown to have potential favorable effects against features of metabolic syndrome. This study examined the interactions between +405 VEGFA C/G (rs2010963) polymorphism and DDS on the metabolic and biochemical profile of metabolic syndrome. Therefore, in the current study, we aimed to evaluate the interaction between DDS and VEGFA rs2010963 gene polymorphisms in modification of metabolic risk factors including serum lipids, blood pressure, serum adiponectin, and matrix metalloproteinase (MMP)-3 concentrations in patients with metabolic syndrome. Methods and Materials: In the current cross-sectional study, 254 patients with meta-quartiles had GC and CC genotypes, respectively (p = 0.04). Conclusion: Our study found lower insulin resistance, serum triglyceride, and SBP and higher adiponectin concentrations among patients with metabolic syndrome in highest quartiles of DDS. Moreover, patients with the CC genotype were more likely to have higher BMI, fasting blood glucose, AST, and ALT. This significant interaction gives a possible evidence of a VEGFA-DDS association that may be relevant to metabolic syndrome. Further studies are warranted to clarify the underlying mechanisms of these interactions.
bolic syndrome were recruited. Measurements of blood pressure, anthropometric parameters, and dietary intakes were performed and the DDS was calculated. Biochemical variables including serum adiponectin concentrations, lipid profile, serum glucose, and MMP-3 concentrations were measured by enzyme-linked immunosorbent assay method (ELISA) and enzymatic colorimetric methods. Determination of +405 C/G VEGFA gene polymorphisms was performed using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique. Results: Patients in the lowest DDS quartile had higher insulin and homeostatic model assessment of insulin resistance (HOMA-IR), while patients in the highest DDS quartile had higher quantitative insulin check index (QUICKI; p < 0.05). Higher serum triglyceride and systolic blood pressure (SBP) values and lower serum adiponectin concentrations were also observed in lower DDS quartiles (p < 0.05). Patients with the CC genotype in the VEGFA rs2010963 polymorphism had significantly higher body mass index (BMI), fasting blood glucose, aspartate aminotransferase (AST), and alanine aminotransferase (ALT; p < 0.05) compared to patients with the other 2 genotypes. In lower quartiles of DDS, 30% of patients with metabolic syndrome had the GG genotype, while 30.4 and 30.8% of patients with metabolic syndrome in higher DDS
Background
Metabolic syndrome is a cluster of cardio-metabolic risk factors associated with several abnormalities including cardiovascular disease (CVD) [1, 2] , chronic kidney disease [3] , non-alcoholic fatty liver disease [4] , as well as depression and mood disorders [5] . It is associated with a 2-fold increase in risk of CVD, CVD mortality, and stroke [6, 7] . The prevalence of metabolic syndrome is increasing worldwide. The Third National Health and Nutrition Examination Survey (NHANES III) reported the prevalence of the metabolic syndrome to range from 20 to 24% among US adults [8] . The reports showed that in Iran, 33 .7% of adults aged > 20 years old were suffering from metabolic syndrome [9] . Other studies reported 55 and 30.1% for the prevalence of metabolic syndrome in Iranian adult women and men, respectively [10] . According to the NCEP ATP III definition, metabolic syndrome is the presence of 3 or more of the following five abnormalities: high-density lipoprotein cholesterol (HDL-C) < 50 mg/dL in women and < 40 mg/dL in men, triglyceride (TG) level ≥150 mg/dL, systolic (SBP)/diastolic blood pressure ≥130/85 mm Hg, waist circumference ≥88 cm in women and ≥102 cm in men, and fasting blood glucose (FBG) level ≥110 mg/dL [11] . Treatment and prevention approaches for metabolic syndrome are multifactorial, including behavior modifications, physical activity interventions, drug therapy, and alterations in dietary habits [12] . Moreover, many reports revealed the helpful role of healthy food and diet choices in the prevention and treatment of metabolic syndrome [13] .
The effect of single dietary components including dietary macronutrients or dietary patterns and nutrients on vascular function, inflammatory responses, and the prevalence of metabolic syndrome has been extensively studied [14, 15] . However, it is more useful and also more informative to assess overall diet instead of single nutrients, since no individual dietary component could be considered wholly responsible for the association between diet and the metabolic syndrome. Rather, it is the overall quality of the diet that appears to offer protection against lifestyle-related diseases such as metabolic syndrome, and that overall diet reflects the real-world eating behaviors of the population rather than single nutrients [16, 17] . Dietary diversity score (DDS) is an approach to evaluate if the overall diet correlates positively with nutritional adequacy [18] . Several previous studies have evaluated the relationship between DDS and cardiovascular risk factors and non-alcoholic fatty liver disease [19, 20] . According to these past studies, a higher DDS is related to higher intakes of calcium, vitamin C, and fiber [21] . Miller et al. [22] revealed a significant relationship between a poorly diversified regime and hypertension. The relationship between DDS and features of metabolic syndrome has also been evaluated by Azadbakht et al. [23] in healthy individuals (aged 18+ years old). These authors reported an inverse relationship between components of metabolic syndrome and DDS. It is well understood that human nutrition is affected by human genetics; numerous single nucleotide polymorphisms (SNPs) have been found to be related with nutrition and these SNPs can influence an individual's susceptibility to disease and response to diet [24] . It has been found that the interaction between endothelial cells and adipocytes play an important role in the pathogenesis of obesity and subsequent metabolic disorders [25] . Interaction between adipocytes and endothelial cells commonly takes place through the vascular endothelial growth factors (VEGFs) and their receptors; therefore, the role of these factors in metabolic disorders has been a primary focus of scientific consideration in recent decades [26] . VEGF is encoded by the VEGFA gene, which is located on chromosome 6 (6p21 3) and comprises 8 exons [27] . Several SNPs in the VEGF gene, such as the +405 C/G (rs2010963) polymorphism in the 5′ untranslated region, have an important effect on the production of VEGF protein because the GG genotype is associated with higher VEGF protein production in healthy persons [28] . Moreover, VEGFA gene polymorphisms have been associated with the odds of metabolic syndrome and its components [29] and are also known to be associated with obesity [30, 31] . VEGFA is a potent multifunctional cytokine reported to induce migration and proliferation of endothelial cells, enhance vascular permeability, and modulate thrombogenicity [32] . It is a mediator of vascular and extra-vascular remodeling and inflammation that enhances antigen sensi-tization [33, 34] . Therefore, VEGFA is implicated in normal and pathologic vascular development and neovascularization with major pathogenic role in the development of various abnormalities including atherosclerosis, adipose tissue expansion, tumor growth, diabetic retinopathy, and nephropathy [30] . Increased serum concentrations of VEGFA have been reported in individuals with metabolic syndrome [35] , and plasma VEGFA concentrations are significantly associated with the components of metabolic syndrome, including body mass index (BMI), waist circumference, blood pressure, and inflammation [36] . Moreover, insulin resistance and hyperglycemia are potent stimulators of VEGFA secretion. Targeting VEGFA and its inhibition and blockage have been suggested as novel therapeutic approaches to improve insulin resistance, type 2 diabetes, and metabolic syndrome [37] . On the other hand, VEGFA is a potent inducer of matrix metalloproteinase (MMP)-3 expression both in vivo and in vitro [38, 39] . MMP-3 is a key mediator of inflammation and angiogenesis in metabolic syndrome and is considered a possible target for its treatment [40, 41] .
There are limited studies evaluating VEGFA and diet interactions. In the study by Schüler et al. [42] , common variants of VEGFA strongly affect the VEGF-dietary fat interactions. Furthermore, polymorphisms in rs2010963 are associated with insulin resistance [43] , diabetic retinopathy [44] , polycystic ovary syndrome [45] , and coronary artery disease [46, 47] . In the previous report, we reported an association between dietary inflammatory index and VEGFA polymorphisms, and metabolic parameters in patients with metabolic syndrome [48] . However, no study has assessed the association of VEGFA (rs2010963) and DDS in patients with metabolic syndrome. Therefore, the current study aimed to assess two hypotheses: first, to evaluate DDS and its association with metabolic and biochemical risk factors of metabolic syndrome, and second, to assess the diet-gene association between DDS and +405 C/G VEGFA genotype among patients with metabolic syndrome.
Methods and Materials

Design and Participants
The study population comprised 254 patients with metabolic syndrome referring to outpatient clinics at the Tabriz University of Medical Sciences. Metabolic syndrome was defined according to the National Cholesterol Education Program's Adult Treatment Panel III (NCEP-ATP III) criteria [9] . Participants were aged 25 years old and above and were living in Tabriz. Exclusion criteria were as follows: any history of cardiovascular and renal diseases, type 2 diabetes mellitus and cancer, pregnancy, and taking anti-hypertensive or anti-hyperlipidemia medications. The study protocol was approved by the Ethics Committee of Tabriz University of Medical Sciences (IR.TBZMED.REC.1398.460) and all of the participants completed a written informed consent form prior participation in the study.
Anthropometric Assessments
Anthropometric measurements were taken by trained technicians according to standard procedures. Weight was measured to the nearest 0.1 kg with a high-precision mechanical scale and height was recorded to the nearest 0.1 cm with a stadiometer. BMI was calculated as weight (kg) divided by height squared (m 2 ). Waist circumference was measured (cm) in horizontal plane, midway between the lowest rib and the iliac crest with a measuring tape. Waist-to-hip ratio was calculated as waist circumference divided by hip circumference.
Biochemical Assays
The assessment of FBG, aspartate aminotransferase (AST), alanine aminotransferase (ALT), TG, total cholesterol, HDL-C, and low-density lipoprotein cholesterol were analyzed by enzymatic colorimetric method (Pars -Azmoon, Tehran, Iran). Serum insulin was also analyzed using an enzyme-linked immunosorbent assay method (ELISA; Monobind Insulin AccuBind, Lake Forest, CA, USA); the sensitivity of this assay was 0.75 µIU/mL and mean inter-and intra-assay coefficients of variation were of < 9.8 and < 8%, respectively. Serum MMP-3 was also analyzed by ELISA method (AviBion, Vantaa, Finland), with a sensitivity of 0.01 ng/ mL and assay range of 0.05-10 ng/mL. Serum adiponectin was also analyzed by ELISA (AviBion, Vantaa, Finland), with a sensitivity of < 0.185 ng/mL and mean inter-and intra-assay coefficients of variation of ≤12 and ≤10%, respectively. Insulin resistance was assessed using the homeostasis model assessment of insulin resistance (HOMA-IR) as follows: HOMA-IR: (glucose [mmol/L] × insulin [mU/L])/405, where a high HOMA-IR score denotes insulin resistance. The quantitative insulin check index (QUICKI) was calculated as: 1/(log fasting insulin [U/L] + log fasting glucose [mg/ dL]), where a higher QUICKI value indicates greater insulin sensitivity [49, 50] .
Dietary Diversity Score (DDS)
Dietary intake was assessed using a 147-item semiquantitative standard food frequency questionnaire adopted and validated for use in the Iranian population [51] . The questionnaire consisted of a list of foods with standard serving sizes commonly used by Iranians. Participants reported frequency of consumption of a given food item during the previous year on a daily, weekly, or monthly manner. Then, food portion sizes were converted to grams. DDS was calculated by the method first developed by Kant et al. [18, 52] . Five food groups corresponding to bread and grains, vegetables, fruits, meats, and dairy were considered according to the food groups introduced by US Department of Agriculture (USDA) food guide pyramid. These food groups were divided into 23 groups. The bread-grain group was divided into 7 subgroups (refined bread, biscuits, macaroni, whole bread, corn flakes, rice, and refined flour), the vegetable group divided into 7 subgroups (vegetable, potato, tomato, other starchy vegetables, legumes, yellow vegetables, green vegetables), and fruits into 2 subgroups (fruits and fruit juices). Four subgroups were defined for the meat group (red meat, poultry, fish, and eggs) and 3 subgroups were considered for Abbasalizad Farhangi/Vajdi/Nikniaz/ Nikniaz Lifestyle Genomics 2020;13:1-10 4 DOI: 10.1159/000503789 the dairy group (milk, yogurt, and cheese). To be counted as consumer of one food group, participants had to consume at least one half serving per day, as defined by the food guide pyramid quantity criteria. A maximum score of 2 was considered for each food group. Therefore, the total DDS was in the range of 0 to 10 [23] . The DDS range in our participants was between 2.02 and 7.29. To examine the association between DDS and outcomes of interest, we divided the DDS into quartiles using the following cut-points: Q1: values ≤4.05, Q2: values from 4.05 to 4.71, Q3: values between 4.71 and 5.43, and Q4: values ≥5.43.
Assessment of VEGF +405 C/G Polymorphism Genotype
Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was employed to determine the VEGFA +405 C/G polymorphism status with technical specifications. Primer pairs for VEGFA +405 C/G polymorphism were as follows: forward: 5′-TTGCTTGCCATTCCC-CACTTGA-3′ and backward: 5′-CCGAAGCGAGAACAGCCCAGAA-3′. The PCR reaction was performed with 100 ng genomic DNA, 25 µL Taq PCR master mix RED (Ampliqon, Denmark), 2.5 µL primers, and 12.5 µL deionized water under the following conditions of denaturation at 95 ° C for 5 min followed by 35 cycles at 94 ° C for 1 min, 60 ° C for 1.5 min (annealing), and 72 ° C for 2 min (extension). A final extension was at 72 ° C for 10 min. For the VEGFA 405 C/G polymorphism, the PCR product was digested with the Bsm FI restric-tion nuclease (New England Biolabs, USA). All products were separated by electrophoresis using 1% agarose gel stained with ethidium bromide. For the VEGFA +405 C/G polymorphism, the uncut fragment was 469 bp (C allele) and digestion products were 195 bp and 274 bp (G allele). The additive model was used for SNP analyses, with 0 (GG), 1 (GC), or 2 (CC) alleles.
Statistical Analysis
Data were analyzed using Statistical Package for Social Science (SPSS) version 18. Data are presented as mean ± SD or number and percentages. Comparison of variables between different DDS quartiles was performed by one-way ANCOVA by adjustment to confounder effects of BMI, age, and gender. The intra-group comparisons were followed by a post hoc Bonferroni correction. The comparison of qualitative variables across the quartiles of DDS was performed by χ 2 test. p values < 0.05 were defined as the significance threshold. The interaction between VEGFA +405 C/G polymorphism gene variant and DDS on metabolic parameters was evaluated using a general linear model, adjusting for the confounding effects of age, gender, and BMI. Considering an α error of 0.05, effect size of 0.5, and power of 80%, the minimum sample required was determined as 211 individuals. Accordingly, allowing for 20% dropout, we enrolled 257 individuals; however, 3 individuals had incomplete data regarding questionnaires, blood samples, or genetic assays and were therefore removed from our analyses. There- Continuous variables are presented as mean ± SD. The p values for biochemical variables are obtained from ANCOVA adjusted for BMI, age, and gender, and for gender, it is obtained according to chi-square test. a Significantly different compared with other quartiles according to post hoc analysis of Bonferroni correction tests. BMI, body mass index; WHR, waist-to-hip ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FBG, fasting blood glucose; HOMA-IR, homeostatic model assessment of insulin resistance; QUICKI, Quantitative Insulin Sensitivity Check Index; TG, triglyceride; TC, total cholesterol; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; MMP-3, matrix metalloproteinase-3. The bold values present the statistically significant threshold. Lifestyle Genomics 2020;13:1-10 DOI: 10.1159/000503789 fore, the final sample size was 254 individuals. The total sample size could detect an intra-class correlation (ρ) equal to 0.25-0.36 as the effective sample size for the association between DDS and metabolic syndrome [53] , based on the G * Power version 3.1.7 (Franz Faul, University of Kiel, Kiel, Germany).
Results
The comparison of biochemical variables in different DDS quartiles are presented in Table 1 . Patients in the lowest DDS quartile had higher insulin and HOMA-IR compared with other quartiles, while patients in the highest DDS quartile had a higher QUICKI index. Although there was a significant difference between the lowest and highest DDS quartiles for insulin, there was an irregular change in the trend of this parameter across quartiles. The lower quartile also showed higher serum TG and SBP values and lower serum adiponectin concentrations compared with the higher DDS category (p < 0.05). Table 2 presents the metabolic profile in different VEGFA +405 C/G genotypes. Higher BMI, FBG, AST, and ALT concentrations were observed in different VEG-FA +405 C/G genotypes. The CC genotype had higher BMI (32 ± 6; p = 0.027), FBG (92 ± 19 mg/dL; p = 0.047), AST (26 ± 10 IU/L; p = 0.037), and ALT (27 ± 12 IU/L; p = 0.049) compared to the other 2 genotypes. No significant difference was observed between other biochemical parameters. The comparison of total and food group DDS in different genotypes of VEGFA rs2010963 polymorphisms is presented in Table 3 . In the lower quartiles of DDS, 30% of patients with metabolic syndrome had the GG genotype, while 30.4 and 30.8% of patients with metabolic syndrome in the higher DDS quartiles had GC and CC genotypes, respectively (p = 0.041). No difference in DDS of food groups among different VEGFA +405 C/G genotypes was observed. Figure 1 presents the interaction between DDS and VEGFA +405 C/G genotypes for various biochemical variables. The general linear model showed that the DDS- Continuous variables are presented as mean ± SD. The p values for biochemical variables are obtained from ANCOVA adjusted for BMI, age, and gender, and for gender, it is obtained according to chi-square test. a Significantly different compared with other quartiles according to post hoc analysis of Bonferroni correction tests. BMI, body mass index; WHR, waist-to-hip ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FBG, fasting blood glucose; HOMA-IR, homeostatic model assessment of insulin resistance; QUICKI, Quantitative Insulin Sensitivity Check Index; TG, triglyceride; TC, total cholesterol; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; MMP-3, matrix metalloproteinase-3. The bold values present the statistically significant threshold.
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Lifestyle Genomics 2020;13:1-10 6 DOI: 10.1159/000503789 gene interaction significantly affected SBP, AST, and MMP-3 in participants (p interaction = 0.003, 0.02, and 0.049, respectively). As shown in this figure, the highest DDS quartiles showed a significant association with reduced AST concentrations in individuals with the CC and GG genotypes (p interaction = 0.02). SBP values were increased in individuals with the CC genotype in higher versus lower DDS quartiles, while MMP-3 values were increased in all 3 genotypes (GG, CC, and GC) in higher versus lower DDS quartiles (p interaction = 0.049). In terms of MMP-3, it also appeared that having the G allele in VEGFA+ 405 C/G alleviated the effects of DDS on MMP-3.
Discussion
The current study was conducted in patients with metabolic syndrome and showed that patients with lower DDS scores had significantly higher serum TG and insulin concentrations, lower SBP and HOMA-IR values, and lower adiponectin concentrations compared with patients with higher DDS scores. Moreover, most of the patients with metabolic syndrome in the highest DDS quartiles carried the GC and CC genotypes. According to our findings, the VEGFA + 405 C/G polymorphism significantly affected biochemical parameters. In terms of MMP-3, our data suggests that having the G allele in VEGFA+ 405 C/G may alleviate the effects of DDS on MMP-3.
The current study was the first one to evaluate the interaction between the VEGFA +405 C/G genotype and DDS on the metabolic profile of patients with metabolic syndrome. To the best of our knowledge, only one study [53] previously evaluated the relationship between DDS and metabolic syndrome components in a healthy Iranian population, but not in patients with metabolic syndrome. The findings of the current study revealed that higher DDS scores were associated with lower serum TG, insulin, HOMA-IR, and SBP values as well as higher serum adiponectin concentrations. Previous studies also revealed a lower probability of hypertension, hypercholesterolemia, and diabetes in individuals with a higher DDS in a population-based study [23] . An inverse association between age-adjusted risk of mortality and DDS in men and women has also been observed [18] . It is proposed that increasing the whole dietary diversity, which includes sugar and fat, may be related with an elevated risk of obesity and its related disorders, while increasing the diversity score of vegetable and fruit may be related with a reduction in metabolic disease. Kant et al. [52] showed no significant relationship between diet diversity and BMI [54] . Numerous studies previously reported the favorable effects of a high DDS against chronic disease, including lower depression rates among women [55] , lower prevalence of anxiety [56] , and lower risk of colorectal [57] and breast cancer [58] . Diets with higher diversity are associated with increased intakes of essential micronutrients including vitamin C, calcium, and dietary fiber [59, 60] . Our study found higher serum adiponectin concentrations in individuals in the higher DDS categories. Previous studies have established a positive association between healthy dietary parameters and serum adiponectin concentrations [61, 62] . Positive associations between higher serum adiponectin concentrations and increased dietary intakes of vegetable, vegetable oil, coffee [63] , and green tea consumption [64] have been previously noted, while a negative association was found with increased consumption of mixed bread, fried and baked dishes, alcohol, nuts, and seeds. Adiponectin is a wellknown anti-diabetic, anti-sclerotic, and anti-hypertensive hormone [65] . Unlike other adipose tissue-derived cytokines, adiponectin is reduced in diabetes, insulin resistance, and cardiovascular events. A healthy diet including higher DDS as found in our study increases its concentration and reduces the risk of type 2 diabetes, insulin resistance, and atherosclerosis [61] [62] [63] [64] .
In a previous study by Kim and Hong [65] , the CC genotype of the VEGFA polymorphism was related to significantly increased BMI, FBS, TG, and HDL-C in a Ko- [66] reported that the GG genotype in the +405 C/G polymorphism is independently related with the development of diabetic nephropathy. According to our results, carriers of the CC genotype had the highest values of FBG, AST, and ALT. Previous studies have shown that carriers of the C allele of VEGFA rs2010963 are more prone to having higher serum VEGFA concentrations [67] . Moreover, the C allele of VEGFA +405 C/G polymorphism was also associated with a higher rate of metabolic disorders, including diabetic retinopathy [44] . Higher serum concentrations of VEGFA are associated with metabolic syndrome [35] and higher BMI, blood pressure, and inflammation [36] . Therefore, it could be assumed that targeting VEGFA and reducing its expression could be a novel therapeutic approach to decrease the risk of insulin resistance, type 2 diabetes, and metabolic syndrome [37] . As shown in our results, the DDS significantly interacted with the VEGF +405 C/G genotype to influence several biochemical variables, including AST, ALT, and SBP. In people with the CC genotype, which is a possible risk factor of metabolic syndrome, reduced AST and increased SBP values were observed in those with the highest versus lowest DDS. Meanwhile, individuals with the GC genotype showed higher AST and MMP-3 and reduced SBP values in high-est versus lowest DDS quartiles. The GG genotype increased MMP-3 and SBP and reduced AST in those with the highest versus lowest DDS. This significant interaction provides possible evidence of a DDS-VEGF association; however, further studies are warranted to better elucidate the clinical implications of the current study.
Mean DDS score of our study among patients with metabolic syndrome was 5 ± 1. This value was lower than the corresponding values of 6 ± 1 among an apparently healthy population in Iran [53] or 6 ± 2 among collegeemployed men and women in Iran [68] , revealing the lower DDS scores among patients with metabolic syndrome. However, considering the lack of knowledge about the relationship between DDS and VEGFA gene polymorphism in patients with metabolic syndrome, further intervention studies are needed to evaluate DDS in patients with metabolic syndrome disease according to the various genotypes of the VEGFA +405 C/G polymorphisms.
Conclusion
Our study found lower insulin resistance, serum TG, and SBP and higher adiponectin concentrations in individuals in the highest quartiles of DDS among patients with metabolic syndrome. Moreover, patients with the CC genotype in the VEGFA +405 C/G variant were more likely to have higher BMI, FBG, AST, and ALT compared to patients with the other 2 genotypes. This significant interaction provides possible evidence of a DDS-VEGF association and its effects on the biochemical profile associated with metabolic syndrome. Further studies are warranted to clarify the underlying mechanisms of these interactions.
